cluded. These were all cases in which the ventricular rates were more rapid than the atrial rates. Furthermore, svncopal attacks associated with standstill of the sinus node or atrial mechanism were also excluded if no evidence of atrioventricular block was present. The only cases forming the basis for this studil were those which at one time or another had third (legree atrioventricular block in which the ventricular rate was slower than the atrial rate. In most instances, the atria were contracting independently of the ventricles, though atrial fibrillation was present in 43 cases, excluding the digitalis intoxication group. In many, first degree or second degree heart block had occurred at one time or another. In 92 per cent of the cases the diagnosis of complete heart block was verified by electrocardiograms. In the other 8 per cent the diagnosis on clinical grounds seemed quite certain. With these
T HE clinical course of patients with complete heart block, with or without attacks of Adams-Stokes syncope, is very variable. Events are often unpredictable. Some live a short time, others may carry on for a great many years. The causes of the underlying defect are numerous and the circumstances under which the major symptoms arise vary greatly. Even the nomenclature is somewhat confusing. A sudden total arrest, of the heart when there is no evidence of conduction defect may be called an episode of Adams-Stokes syncope by one observer and not by another. The very mechanism of fainting is also different in different individuals. Although much has been written about this subject, it seemed worth while to analyze in greater detail some of the specific features of complete heart block. An attempt was made particularly to see if there were distinct differences in the course of events and in the findings when heart block developed under one set of circumstances, such as coronary artery disease in contrast to valvular disease, or when no definite etiology could be determined.
From the Medical Clinic of the Peter Bent Brigharm
Hospital and the Department of Medicine, Harvard Medical School, Boston, Mass.
This work was supported in parts by the Charles E. Alerrill Cardiac Research Fund. 801 In reviewing the very extensive literature on complete heart block comprising over 200 publications, only a few seem to be pertinent for the purposes of this study. One of the first to divide the attacks of syncope into two types was Schwartz.1, 2 This was more clearly discussed and differentiated by Parkinson, Papp, and Evans.' Somewhat later a review was made by White and his associates.4'5 SCOPE AND \IATERIALS Patients who manifested only first or second degree atrioventricular block with or without syncope were not included. Similarly, cases of atrioventricular dissociation typified by "interference dissociation or ventricular capture phenomenon" were excluded. These were all cases in which the ventricular rates were more rapid than the atrial rates. Furthermore, svncopal attacks associated with standstill of the sinus node or atrial mechanism were also excluded if no evidence of atrioventricular block was present. The only cases forming the basis for this studil were those which at one time or another had third (legree atrioventricular block in which the ventricular rate was slower than the atrial rate. In CLINICAL FEATURES OF COMPLETE HEART BLOCK restrictions, there were 251 cases available for investigation. One hundred fifty-three were obtained from the records of the Peter Bent Brigham Hospital during the years 1913 to 1955, and 98 cases were from the consultation practice of one of us.
CLINICAL PICTURE
Complete heart block is generally associated with a slow ventricular rate, i.e., 30 or 40 beats per minute. Occasionally, the heart rate may be 50 or 60 beats per minute or a little greater. The bradyeardia may be initiated suddenly by an attack of syncope. In others, a slow heart rate is suddenly observed without any significant change in the symptomatology or awareness of the change in rhythm. There are numerous instances in which syncopal attacks occur and with recovery the heart returns rather promptly to a normal sinus rhythm. In such cases, an asystole has taken place, accounting for the spell of unconsciousness, and is followed for only a short time by varying degrees of atrio-ventricular heart block.6 In a few minutes a normal sinus rhythm is established without evidence of conduction defect. These cases generally display more permanent complete heart block some months later. Before this is apparent, they present puzzling problems and may be misinterpreted as instances of hysteria, benign syncope, or epilepsy. In some of these cases minor clues may be found that direct the observer's attention to the true nature of the condition; these include complete or incomplete bundle branch block or a full P-R interval of 0.20 to 0.22 second. In these puzzling cases, the physician would do well to make every effort to observe the actual episode; for during those brief moments, the diagnosis may be quite obvious. Another clue in this regard is obtained by carotid sinus stimulation. If as a result of this test the heart slows and a temporary transient complete atrioventricular dissociation results, it is very likely that permanent complete heart block may develop at some later date. The inference from the above is that for some period of time, patients may have a normal sinus rhythm after a syncopal attack and yet be suffering from Adams-Stokes episodes, and only later manifest permanent complete heart block.
The symptoms due to complete block itself are very few. The slow ventricular rate of 30( does not necessarily produce pain, dyspnea, or significant prolonged weakness. The patient may suddenly become aware that the heart is beating slowly, and this may be his first complaint to the physician. In a fair number, palpitation may be a primary symptom. Mlore often momentary weakness, dizziness, or actual spells of unconsciousness are the major difficulties. In some, profound weakness, prostration, and even a prolonged state of semiconsciousness may result when the heart continues to beat regularly, but extremely slowly, i.e., 15 to 20 times per minute. The duration of actual syncope will depend upon the length of ventricular asystole. If this lasts two to three seconds the patient may have a feeling of a wave passing over him, with a momentary sense of uncertainty or blankness, just like a petit mal. If it lasts several seconds and the patient is standing or walking, he will drop to the ground, regaining consciousness immediately, having no idea of what has happened. If the asystole continues longer, convulsive movements appear with stertorous breathing. After half a minute or more, if the heart does not resume its beats, the patient may appear to be dead, without either cardiac or respiratory function. Occasionally during such long intervals, the continuing contractions of the atria may still be visibly displayed in faint pulsations of the jugular vein. Finally, if the heart does not resume its beat in several minutes, death occurs. On the other hand, it is amazing how instantaneously consciousness is restored if the heart does start contracting; in fact, after one or two beats the patient may resume the previously interrupted conversation. The diagnosis of complete heart block is generally a simple matter. Apart from the history of the symptoms mentioned above, physical examination in the great majority of cases reveals distinctive objective findings. On auscultation of the heart the rate is generally slow and regular, 30 to 40 beats per minute. Not infrequently, this regular rhythm may be interrupted by premature beats. The single most valuable and almost pathognomonic sign is the changing intensity of the first heart sound heard best at the apex with a regular slow beat.
PENTON, MILLER AND LEVINE 11 some instances it will be necessary to listen as long as one-half to a whole minute before the loud first sound appears (bruit de canon). With other cycles the first sound may be muffled, faint, or of average intensity. This pathognomonic sign will be absent in cases of complete heart block with atrial fibrillation, as the first sound will then be constant in its intensity. A second sign is the detection of faint atrial sounds during the long diastolic intervals. These are more audible in the early than in the late portion of diastole and are heard best between the apex and lower sternum. Occasionally these atrial contractions will produce visible, faint pulsations in the jugular pulse. A more distinctive phenomenon to be observed in the neck is the detection of occasional, sudden, large pulsations in the jugular vein, produced by the simultaneous contraction of the atria and ventricles. Finally, it will be difficult in most cases to alter the ventricular rate by carotid sinus stimulation. were also included in these sections. Age alone in the absence of any of these criteria was not deemed sufficient for inclusion in this category. Criteria for the hypertensive heart disease group included a systolic blood pressure of 170 mm. Hg or greater; it is appreciated that this demarcation is an arbitrary one. The diastolic pressure in complete heart block is so variable that it was not employed as a useful criterion. All the cases with rheumatic heart disease had aortic, or mitral, or combined aortic and mitral valve disease with or without a past history of rheumatic fever. The miscellaneous or rare forms of heart disease and those with complete heart block of etiology undetermined are discussed later. Those patients were included in the digitalis intoxication group in whom excessive digitalis appeared to be the cause of the complete heart block. All these patients had heart disease due to one cause or another, but had complete heart block as a consequence of excessive digitalis therapy. This group was regarded as unique and sufficiently different from the other cases to merit separate study. They, therefore, will not be included in the statistical analyses of features such as age, sex, and other factors. This type of heart block is induced by the drug and is not a necessary part of the disease process of complete heart block.
CLASSIFICATION OF CASES
Some of the cases had more than one of the above etiologic features. Those who had hypertension and rheumatic valve disease were classified in the rheumatic group. Patients in whom the heart block developed in relationship to coronary artery disease, i.e., directly with acute myocardial infarction, and those in whom angina or myocardial infarction had been present in the past, were put into the appropriate coronary group even if they had hypertension or rheumatic valvular disease. Although there were 9 instances in this study in which there was a positive serologic reaction for syphilis, in only 2 was syphilitic heart disease present and thought to be related to the complete heart block. AGE acute myocardial infarction, 65.2 years; hypertensive heart disease, 60.3 years; rheumatic heart disease, 62.7 years; etiology undetermined, 55.0 years; miscellaneous, 55.0 years. The age was generally a little greater in those who had permanent complete heart block than in those who had transient complete heart block. There was a definite tendency for the males to predominate in all groups except those with rheumatic heart disease, in which group there were 13 females and 8 males. SYNCOPE Syncope occurred in 137 cases (61 per cent). It was the first evidence of the illness in 48 cases (21.4 per cent). The frequency of these episodes varied greatly. Rarely, only one such spell of unconsciousness occurred. In others, they may have taken place at daily, weekly, monthly, or sporadic intervals, and there were extreme instances in which actual status epilepticus was present with the effective heart action stopping and starting every few minutes. With the exception of the digitalis intoxication group, syncope occurred in all the subgroups in this study with varying frequency: 77.6 per cent of the chronic coronary artery disease group, 43 per cent of the acute myocardial infarction group, 72 per cent of the hypertensive heart disease group, 38 per cent of the rheumatic heart disease group, 56 per cent of the miscellaneous forms of heart disease, and 44 per cent of the etiology undetermined group.
Descriptions of attacks of syncope vary, and the following serves as an example: "Dizziness comes suddenly without warning and not related to exertion; it begins with a feeling of coldness all over the body, and then a sensation of warmth passes quickly up the body and there is a feeling of fullness and heat in the head; everything becomes black before the eyes and then the feeling passes quickly and a feeling of well being exists thereafter except for a sense of slight oppression in the chest and very slight breathlessness for a few minutes, the w-hole attack lasting five or ten minutes."
Similarly, as the attacks themselves vary, so might the description vary, but the following are illustrative: "The pulse was 45 and suddenly failed to come through; on auscultation no sounds were heard for 18 seconds; after cessation of the heart beat, the patient began to quiver, her arms began to twitch and her body began to straighten out, and her face became ashen gray. After the end of the 18 second period, the same heart sounds were heard followed by other heart sounds at irregular intervals, each sound becoming louder but irregularly spaced. About 15 seconds after the end of asystole, the rate increased and then became regular." Another type of observation is illustrated in the following:
"I was called to see the patient after several so-called minor attacks in quick succession. The patient spoke to me telling me of the shock-like pain traveling over the right arm to the shoulder; while talking to him and feeling the radial pulse, I felt a period of asystole begin, was able to count ten mentally when the patient announced he was having another spell; with stethoscope over the heart no further heart sounds or radial impulses came through for about 25 more counts (thus 35 counts in all); during this time, the patient's face was blanched of all color, eyes were rolled upward, and his hands stiffened; then, the heart began to beat, the patient became flushed, his head came forward, and he spoke almost simultaneously. The patient stated that he remembered nothing and that he did not feel well; there were no twitchings of any sort and the heart rate was beating at a rate of about sixty-four and regular after this attack. In this case asystole of 10 seconds with the patient lying flat in bed caused no symptoms. He was aware that a spell was coming only after that interval of 10 seconds and actual syncope ensued a few seconds later."
There are all degrees of severity of the attacks and there are marked variations in the duration of Adams-Stokes syncope. These range from a brief fleeting aura of faintness to complete unconsciousness, cyanosis, eyes rolled upward, body twitching, face drooping, stertorous breathing, frothing at the mouth, and complete unresponsiveness. With the resumption of the first heart beat there may be sudden awareness of the surroundings and a sense of well being.
The duration of life after the onset of syncope varied greatly among these patients. It was obviously very short in those who had Adams-Stokes attacks for the first time w-ith a fatal acute myocardial infarction. The average duration of life after the first syncopal attack in cases other than those just mentioned was 6.9 years, the range being from several hours to 11 years. In many cases syncope preceded permanently established complete atrioventricular block by a period of months or a few years. Of 39 patients who died in Adams-Stokes attacks, 31 had previous syncope and 8 had no previous syncope. The fact that a patient had previous syncopal attacks with complete heart block would make it seem more likely that he would have a subsequent sudden eventual exitus.
Apart from definite syncope with loss of consciousness, periods of dizziness and weakness were quite common. There were 36 patients (17 per cent) in whom these symptoms occurred without true syncope, 84 CON-GESTIVE HEART FAILURE ANIa) DYSPNEA Objective evidence of congestive heart failure was present in almost 40 per cent of the patients studied. Failure varied from minimal to severe. In 23 patients, heart failure preceded the onset of complete heart block, in 16 congestive heart failure or dyspnea developed concomitantly with the complete heart block, and in 8 these features appeared after the onset of complete heart block. In the other patients, the relationship of the complete heart block to congestive heart failure was not very clear. Only 10 of 85 patients in whom the mode of death was known died of progressive congestive heart heart failure.
Dyspnea was the presenting feature in about one fourth of the cases, and was present clinically in slightly less than two thirds of all the patients. The dyspnea varied from mild to marked, and there did not appear to be any clinical relationship between the heart rate and the degree of dyspnea. Dyspnea and congestive heart failure appeared in patients having a slow heart rate as well as those having a more rapid heart rate. It was noted in a patient with a heart rate of 18 per minute and in another with a heart rate of 72 per minute.
In the therapy of congestive heart failure, all the usual modes of treatment were employed. When needed, digitalis was administered, unless the heart block was due to overdigitalization and continued digitalis would have led to aggravation of the congestive failure.
Congestive heart failure and dyspnea app)eal to be manifestations of the underlying heart disease, and the presence of coomplete heart block is incidental in the course of events. Although we have the general impression that the slose heart rate may actually be beneficial to a certain extent and decrease the degree of coltgestive heart, failure, the observations iii this study were neither detailed enough nor sufficiently adequate to offer proof in favor of this concept.
HEART RATE The heart rate varied from a low of 16 to a high of 97, and the over-all average wdas 38 beats per minute as documented by the electrocardiogram. As shown in table 3, all but 6 patients had heart rates of 60 or less ( The accompanying table 4 demonstrates the relationship of heart rate to blood pressure and the average of these readings in each subgroup. It is obvious that with well-marked hypertension, the pulse pressure will necessarily be large. In cases without hypertension, however, greater blood pressure readings were more likely to accompany slower heart rates. In following the same individual who goes in and out of complete heart block, it was often found that as the heart rate slowed the systolic pressure rose and the diastolic fell. In that way it was possible for the heart to maintain as great an output, and even a normal one, at the rate of 30 beats per minute as it would with a rate of 70.7
HEART SIZE The heart was considered to be enlarged in 140 of 224 cases. In 52 the enlargement was slight, in 49 moderate, and in 32 marked. The estimate of the increased heart size was based upon x-ray examination or physical findings. Absence of cardiac enlargement in 47 cases of complete heart block was confirmed by fluoroscopic examination or x-ray films. In a patient with rheumatic heart disease and complete heart block, who was followed for a period of over 15 years, cardiac enlargement was never demonstrable. Cardiac enlargement need not necessarily be associated with complete heart block; the degree of heart enlargement for the most part went, pari passu with the accompanying type of heart disease. OTHER ASSOCIATED RHYTHMS There were 83 patients in whom the atrial rate was under 100 beats per minute. In 41 the rate was between 100 and 120, and in 12 the range was from 120 to 200. There were 2 documented cases of paroxysmal atrial tachycardia with complete heart block. In 57 cases atrial fibrillation was associated with complete heart block, 14 of these patients were in the "digitalis intoxication" group. Atrial flutter concomitant with complete heart block occurred in 4 patients. The atrial rate was fairly constant in some patients with complete heart block and in others the atrial rate varied slightly from day to day. In still others, there were sharp increases in the atrial rate when an abnormal form of atrial rapid heart action developed. The atrial and ventricular rates may simultaneously but independently increase or decrease. In other instances, the atrial and ventricular rates may simultaneously but also independently be altered in opposite directions.
OTHER CONDUCTION DEFECTS
Thus, the atrial rate may increase when the ventricular rate decreases or the atrial rate decrease when the ventricular rate increases.
Ventricular tachycardia and ventricular fibrillation were present in 15 cases documented by the electrocardiogram. In some, there followed an appreciable interval of electric inactivity and, in others, the ventricular complexes of complete heart block were quickly resumed after the rapid ventricular rhythm. Ventricular asystole was documented by the electrocardiogram in 21 cases; 10 were in the coronary artery disease group (nonacute), 6 were in the acute myocardial infarction group, 2 in the hypertensive heart disease group, 1 in the rheumatic heart disease group, and 2 in the miscellaneous group.
Observations in this study support the conclusions made by Parkinson, Papp, and Evans,3 in 1941, that the syncopal attacks may be due to asystole associated with complete heart block or to ventricular acceleration such as ventricular tachycardia or ventricular fibrillation.
PERMANENCE OF COMPLETE HEART BLOCK There were 176 patients with permanent complete heart block, 29 others had transient complete heart block, and 19 additional patients had repeated transient complete heart block. Those in whom complete heart block was recorded at every examination from its inception to death or to the time of last follow-up were considered to have permanent complete heart block. Included in this group also were those who had transient or intermittent block, or both, but who then progressed to a permanent block of a fixed nature and of long duration. The group with transient complete heart block included those patients who had a single period of complete heart block preceded and followed by a lesser degree of block or normal rhythm. The number of the latter who returned to a normal sinus rhythm was 17 (coronary artery disease, nonacute, 1; acute myocardial infarction, 12; miscellaneous, 1; etiology undetermined, 1; rheumatic heart disease, 1; and hypertensive heart disease, 1). The number of those who returned to partial heart block was 12 (coronary artery disease, nonacute, 2; acute myocardial infarction, 6; hypertensive heart disease, 1; rheumatic heart disease, 1; and miscellaneous, 2) (table 5). Repeated transient block included those patients who had complete heart block on more than one occasion; 7 so classified returned to normal sinus rhythm (coronary artery disease, nonacute, 1; acute myocardial infarction, 1; hypertensive heart disease, 2; rheumatic heart disease, 2; and etiology undetermined, 1) and 12 returned to partial heart block (coronary artery disease, nonacute, 2; acute myocardial infarction, 3; hypertensive heart disease, 5; and miscellaneous, 2).
In the majority of patients in this study, complete heart block was of a permanent nature. However, there were some in whom the complete heart block was not permanent but of a transitory nature. In this latter group, it is of interest that the largest number occurred in association with acute myocardial infarction.
DURATION OF COMPLETE HEART BLOCK
The longest time interval of a patient having complete heart block, documented by the electrocardiogram, was 21 years. The longest duration of complete heart block on a clinical basis was 47 years. There were 4 cases of over 15 years' duration documented by the electrocardiogram, 2 cases of from 20 to 25 years, and 3 from 15 to 19 years' duration on the basis of the clinical picture and history. Aside from those cases in the digitalis group, in which there were some with complete heart block for only a few hours, there were others in whom the duration was less than one day, particularly among those who died of acute coronary thrombosis. In table 6 are recorded the data concerning those cases in whom the diagnosis of permanent complete block was proved by electrocardiogram. The duration of life after the first occurrence of syncope and after the first development of complete heart block, where the time of death was known, varied somewhat in the different subgroups.
It was generally about a year longer after the initial syncope (average 35.2 months) than after the first appearance of heart block (aver- DIPHTHERIA This review throws further light on the *concept that was presented over 25 years ago, and which has since been discussed, that *diphtheria plays some role in the development .of complete heart block.' There were 41 (16 per cent) cases in which there was a past history of diphtheria; this seems to us a great deal higher than the incidence in the general population during the time that this group of patients was studied. The exact mechanism is -difficult to evaluate, but increased vulnerability to conduction defects apparently exists .after infection with diphtheria. A long lapse of time may intervene between the actual infection and occurrence of the complete heart block, perhaps at a time when further stress, insult, or -injury is encountered. In regard to diphtheria, it will no doubt play less of a role in the future with decreasing incidence of the infection. However, we would like to emphasize that there is reason to believe that some of the unexplained cases of complete heart block may be due to previous apparently minor infections -from which the patient recovers, as a result of which the patient is left more vulnerable, just as occurs after recovery from diphtheria. Among the 18 patients with heart block due to -unknown cause, there were 7 who gave a history of previous diphtheria, whereas in all the remaining 206 cases, there were only 33 cases of diphtheria. The distribution of the 41 cases of *diphtheria was as follows: coronary artery disease, nonacute group, 13 of 58 patients; acute myocardial infarction group, 2 of 49 patients; hypertensive heart disease group, 11 of 62; rheumatic heart disease group, 4 of 21; miscellaneous group, 3 of 16; etiology undetermined group, 7 of 18; digitalis intoxication group, 1 of 27 patients.
It seems to be more than a matter of coincidence that a past history of diphtheria should be so much more prevalent among those cases in which there is no knowin cause of heart disease than among those in which definite etiologic factors such as rheumatic heart disease or coronary artery disease are involved. This adds validity to the concept that early diphtheria was related to the subsequent development of heart block.
SEROLOGY
There was a total of 9 cases who showed a positive serologic reaction for syphilis. Cases were not considered to have complete heart block on a syphilitic basis unless there was some other evidence of syphilitic heart disease. There were 2 such cases included in the miscellaneous group.
GALLBLADDER DISEASE Because of some suspicion of the relationship between gallbladder disease and AdamsStokes attacks, its occurrence was investigated. Unfortunately, until very recent years no systematic search for gallbladder disease was made in these cases. Not infrequently, one discovers the presence of gallstones on routine x-ray examination, when there has been very little if any clinical evidence of biliary disease. However, there were 26 patients who demonstrated evidence of cholelithiasis or cholecystitis during the time that they were known to have had complete heart block. Eleven of 58 patients with nonacute coronary artery disease were found to have gallbladder disease as well as 3 of 49 patients in the acute myocardial infarction group, 10 of 62 in the hypertensive heart disease group, 1 of 21 in the rheumatic heart disease group, and 1 of 18 in the etiology undetermined group. Gallbladder disease occurred in no patients in the miscellaneous or digitalis group.
Most instances of gallbladder disease were detected during the past 10 years when interest was aroused concerning the relationship of gallbladder disease and syncopal attacks.9 In 6 instances a cholecystectomy was performed, and in 4 of these there was striking improvement in the incidence of Adams-Stokes attacks. There was no operative mortality in this small group.
:810 OPERATIVE RISK There were 19 patients who underwent 24 surgical procedures. The following operations were performed with no surgical mortality; cholecystectomy in 6, hysterectomy and salpingo-oophorectomy in 1, spinal fusion in 1, tonsillectomy in 1, thyroidectomy in 2, amputation of toes in 2, anal fistula in 1, hemorrhoidectomy in 1, low-thigh amputation in 1, hernia repair in 1, abdomino-perineal resection for adenocarcinoma of the sigmoid in 1, appendectomy in 1, and multiple pregnancies in 2 patients, one of whom also had an appendectomy and removal of left ovarian cyst subsequent to her pregnancies.
Anesthetics employed in these procedures included ether, nitrous oxide, intravenous Pentothal, spinal anesthesia with procaine, local infiltration with procaine, and field block with xylocaine. It might be pointed out that in the administration of a local anesthetic such as procaine and its derivatives in amounts evoking a systemic effect, a myocardial depressant action might ensue. In general, intravenous procaine is contraindicated in complete heart block.i" Two of the patients undergoing cholecystectomy had multiple episodes of asystole during anesthesia and surgery, but with careful observation and management both survived the procedures and are still living.
Complete heart block is not a contraindication for necessary surgical procedures or for pregnancy. It would appear that in anesthesia it is not the anesthetic agent employed during the surgery but the manner and method of administration of this that may determine the success of the procedure.
FOLLOW-UP STUDIES AND END RESULTS
Of the 224 patients included in this study, 127 were known to have died, 36 were reported to be living, and 61 did not respond to attempted follow-up. The modes of death in the 127 cases were as follows: sudden death, 39; progressive heart failure, 10; acute coronary occlusion, 22; miscellaneous causes, 18, which included deaths due to uremia, pulmonary infarction, pneumonia, cerebral hemorrhage, and other causes; the actual cause of death was unknown in 38 cases.
One hundred thirty-seven of these cases had syncope and 87 did not. In the former group, 76 were known to have died and in 53 the type of death was also known. Thirty-one deaths occurred suddenly. Among the 87 cases who did not have syncope, 51 were known to have died and the manner of death was known in 36 instances. Only 8 of these died suddenly. It would appear that instant death occurs about 3 times as frequently in those who have syncope as in those who do not. However, sudden death takes place not only because of the conduction defect but also in a manner common to the various types of heart disease.
CORONARY ARTERY DISEASE Patients with coronary artery disease constituted the largest of all groups studied (107 cases). Of these, 63 had definite myocardial infarction, about half of which also had clearcut anginal episodes as well. An additional 44 had angina pectoris without clear-cut evidence of myocardial infarction.
It is of interest that among the cases that were most carefully observed, there were none with anginal manifestations after the development of complete heart block, though many had this symptom before the block appeared. With such a large number of cases having coronary artery disease, it was impressive how rare angina was in those who had a slow ventricular rate.
Males predominated over females, 65 over 42, respectively, as would be expected in any study of coronary artery disease. The age of the patients in this group ranged from 40 to 85 with an average of 64 years.
The various symptoms such as syncope, dyspnea, and palpitation occurred in patients in the coronary artery disease group with about the same frequency as patients in the other groups of the study. The 4 of the remaining 117 patients in this study. There was also a difference in the incidence of gallstones in this study (14 in 107 patients ill the coronary group, 10 in 62 in the hypertensive group, 2 in the other 55 patients). To be sure, the average age of the corollary and hypertensive heart disease patients was about 10 years greater than that of the others.
Cases of acute coronary thrombosis made up a distinct group with certain peculiar characteristics. Here it is quite clear that the heart block was precipitated by a specific event. In1 most of the other types of complete heart block, there w-as no direct cause either for syncopal attacks or for the initial development of the conduction defect, the process being insidious ill nature. There was a total of 49 patients wiith acute myocardial infarction who showed complete heart block. In 2 of these, the block preceded the coronary attack and, in all the others, complete heart block developed during the early days of the acute infarction. It is of interest that heart block occurs about twice as frequently with posterior as with anterior infarctions.
In those cases of acute coronary occlusion ill which complete heart block occurred, the immediate mortality was significantly high. Of the 49 cases, 21 died ill the brief period of a few days (4 hours to 18 days, average 5.5 days). Of these 21, (6 had had a previous coronary occlusion. Of the 28 who survived the immediate coronary insult, it is of interest that 23 returned to their previous atrial rhythm, 21 to normal sinus rhythm and 2 to atrial fibrillation. Five patients continued in complete heart block; 2 of these had previously had complete heart block, 1 had previously had atrial fibrillation, and the other 2 were undocumented as to their previous rhythm. There was one instance in which the patient had an acute corollary episode with complete heart block and recovered with the return of a normal sinus rhythm. Sometime later he had a second myocardial infarction with a stormy course but survived and maintailned a normal sinus rhythm throughout. Of these 28 who survived their acute coronary occlusioll, 5 had had a previous similar episode.
It is very impressive that there was not a single instance in which it was known that the patient previously had a normal sinus rhythm and then developed complete heart block with an acute infarction and thereafter continued in complete heart block. This observation (orresponds with the general cardiologic experience in thousands of cases of acute coronary thrombosis, for it is extremely rare to see permanent complete heart block result as a direct sequel of anl acute attack of myvocardial infarctionm. Permanient complete heart block, as shown in this study, must, be an extremely rare immediate sequel of acute myo(ardial infarction. This is of interest Svhenl it is appreciated that about, 2.5 per cent of cases of acute miiyocardial infarction do develop temnporary complete heart block."
Another peculiarity of complete heart block occurring with acute myocardial infarction is that the ventricular rate is not infrequenftly more rapid than is customarily seen in other types of third degree heart block. Whereas the average ventricular rate of all the other cases in this study was 36, the average rate of heart block w-hein it occurs with acute miyocardial infarction was 43. Although slow rates of 28 to 35 did occur, there were 8 in which complete atrioventricular dissociation was presentfwith ventricular rates of 50 to 60; in fact there were 2 with v\-entricular rates over 70, 1 with a rate of 75 and another with a rate of 97. In all these cases there was electrocardiographic confirmation that the atria and ventricles were (contra(tilng independently of each other.
HYPERTEN-SIVE HEART DISEASE The average age, sex distribution, incidence of syncope and dizziness, dyspnea, and palpitation \were not strikingly different in this group of 62 cases with hypertension from the over-all distribution. The pulse pressure average for this group was 117, whereas the average for the remainder was 81. As would be expected because of the classification. of these cases, the systolic and diastolic blood pressures were PENTON, MILLER AN!) LEVINE Systolic hypertension was a general feature of complete heart block and the diastolic pressure was, as an over-all average, within normal limits. Thus, systolic hypertension might bear some relation to the fact that the average age of all patients studied was 59.3 years. It is not necessary that hypertension be present in every patient having complete heart block. A patient may be quite fit, with a slow heart rate of 30 to 35, and still have the systolic not over 130 mm. Hg. In one patient in this study the systolic pressure was as low as 110 mm. Hg.
It is of interest that, in general, there was a fall of systolic and diastolic blood pressure as well as pulse pressure with heart rates over 40. However, in the hypertensive group the heart rate had no effect on the systolic or diastolic pressure levels.
The length of life after the first syncopal attack, in general, was longer in the hypertensive patients than in patients in the coronary artery disease group, and the age at death was about 5 years less than in this latter group.
It would appear that although hypertension is a not infrequent accompaniment of complete heart block, it is not a necessary part of the condition, and, when present, has only a slight effect on the various features and complication of heart block.
RHEUMATIC HEART DISEASE
The average age of patients in the rheumatic heart disease group ( It is obvious that there should be a much greater frequency of a past history of rheumatic fever and a greater incidence of atrial fibrillation in the rheumatic group than in the others. It is also of interest that the patients with rheumatic heart disease had a higher ventricular rate and lived longer after the onset of syncope than other patients with complete heart block. Although in this study the patienits with rheumatic heart disease were younger than those in the other groups, they were still a good deal older than the average patient with rheumatic valvular disease, from which one could infer that heart block in these rheumatic cases required many years for its development.
"ETIOLOGY UNDETERMINED"
There were 18 patients with complete heart block in whom no definite etiologic diagnosis could be made. Possible causes that might be invoked were an infection early in life accompanied by a transient myocarditis, a congenital cardiac defect of conduction unknown to the patient or family, trauma to the heart at a previous occasion, a toxic myocarditis, allergic or some other cause, or some specific response of the conduction tissue to noxious agents.
Nine were males and 9 were females. The average age was 44.5 years, the youngest age group. Syncope occurred in 8 of the 18 patients (44 per cent) and in 122 of the 206 remaining patients (59 per cent). Seven of the 18 patients (39 per cent) in this group had diphtheria, whereas the over-all figure was 33 in 206 patients (16 per cent). This makes it very likely that early diphtheria was related to the later development of heart block in some of these cases.
It is of interest that in this group without coronary artery disease, valvular disease, or hypertension, the average blood pressure was 132/67 mm. Hg (pulse pressure of 65) whereas the average blood pressure in the others was 171/78 mm. Hg (pulse pressure of 93). Thus it is pertinent to point out again that hypertensive levels are not a necessary concomitant part of complete heart block. Alteration of heart rates below and above 40 beats per minute had very little effect on comparative systolic and diastolic blood pressures. Atrial fibrillation was present in 4 of the 18 patients. The age at onset of syncope, the age at onset of complete heart block, and the duration of life after the development of complete heart block in the two groups, namely those with etiology undetermined and all others in this study, were as follows: 40.8 years and 61.5 years, 53.5 years and 60.6 years, and 5.6 months (4 patients) and 27 months (100 patients), respectively. The average age of death was 55.0 years (5 patients) as compared with 63.5 years (121 patients). The youngest patient in this entire study having syncope was 22 years of age and was among this subgroup "etiology undetermined."
This group obviously contained cases of complete heart block without maj or organic cardiac defects, such as valvular or coronary artery disease. Here the heart block appears in a purer form. It is of interest that such cases may be normotensive, are younger, and have slightly higher ventricular rates. The greater incidence of a past history of diphtheria is also of significance and lends interest to the concept that an early infection may be conducive to the later development of complete heart block. Finally, it is our distinct impression that patients in this group have a better prognosis as far as the duration of life is concerned. Although there were only 4 cases that were known to have died after an average interval of only 5.6 months after the first onset of complete heart block, there are at least 3 others who are still alive and well 15, 10, and 9 years after the complete heart block was first observed.
MISCELLANEOUS CASES
There were 16 patients in this study in which there were unusual types of heart disease associated with complete heart block. For purposes of description we have further sub-PENT( )N, AMILLER AN I) LEXINE8 divided this group into those (a) with complete heart block produced by pressure on the carotid sinus, (b) with complete heart block due to syphilitic heart disease, and (c) other cases with rare etiologic causes of complete heart block.
Carotid Sinus Groap. There were 6 cases in this group. These six did not have complete heart block prior to carotid sinus stimulation. Twao had normal sinus rhythm and 4 had second degree atrioventricular block. Both of the first 2 and 2 of the latter 4 Case 5. R.K., a 10 year old boy, was a patient who was born with a slow heart and a "leaky valve," had pneumonia two weeks prior to admission, and had an irregular pulse with the rate of 21; the first heart sound varied in intensity. Years later he had a cerebral episode at the age of 27 with a heart rate reported as 45 beats per minute. This is another instance of congenital heart block.
Case 6. M.C., a 28 year old woman, had had no syncope but had had renal shutdown after trauma and hematuria followed by bilateral staghorn calculi. She developed oliguria with no benefit from nephrostomy, and later had uremia. She developed complete heart block during the last six days of life. Postmortem findings included deposits of calcium crystals in the myocardium. One may speculate that the calcium deposits in the heart muscle may have impaired conduction in the A-V node or bundle of His.
Case 7. C.R., a 50 year old man, for three weeks prior to admission had had a chest cold, lassitude, generalized aching, chills, fever, and night sweats. Three days after admission he developed complete heart block and syncope and died 11 A review of the above 8 cases would indicate that complete heart block may result on rare occasions from a variety of causes. Unusual mechanisms should therefore be sought for in any case of complete heart block where the more common causes, such as hypertensive heart disease, valvular disease, or coronary artery disease, are lacking. DIGITALIS 
INTOXICATION
In addition to nausea, vomiting, and yellow vision, it is well known that cardiac arrhythmias are manifestations of overdosage of digitalis and its glycosides. In this study there were 27 cases of complete heart block due to digitalis. There were 15 males and 12 females; the average age of patients in this group was 52 years with a range of 13 years to 80 years. Those in the digitalis group represent 11 per cent of all patients in this study. Two patients had hypertensive heart disease, 4 had myocarditis of undetermined cause, and of the 21 remaining, 17 had rheumatic valvular disease and 4 had a history of rheumatic fever without valvular disease. In the 27 patients placed in this group, there was an obvious relation between digitalis administration and complete heart block. Therefore, the block was of a transient or intermittent type in 17 of the 21 patients in this group who died with complete heart block. Features such as palpitation, blood pressure (the average was 148/78), heart size, and partial heart block were no different in this group than in the others. It was of interest that syncope did not occur in any patient during the period of complete heart block due to digitalis intoxication. This is unusual in that syncope occurred in 137 (61 per cent) of the other 224 cases and was about equally frequent in each of the various groups. The heart rate was higher in this group (54 beats per minute) than in any other group (over-all average 38 beats per minute). The range of the heart rate was 32 to 98 beats per minute. Atrial fibrillation was present in 17 patients (63 per cent) in contrast to 43 of the other 224 patients (19 per cent). This would be expected because of the nature of the cases making up this group.
Other arrhythmias were present prior to the development of complete block. Ventricular premature beats were recorded in only 4 cases and transient ventricular fibrillation in 1 case. Bundle branch block was noted in 4 of the 27 cases (15 per cent) but occurred in 122 of the other 224 cases (55 per cent). All the patients in this group received digitalis because of congestive heart failure. Five patients had received intravenous strophanthin during hospital admissions prior to 1920.
In general, it can be stated that excessive doses of digitalis are occasional causes of complete heart block. One can add that it is a very rare occurrence considering the fact that so few of the thousands of cardiac patients who received digitalis therapy in this hospital developed complete heart block. The impression PE'1\NToN, MILLER ANI) LIXINE is gained that this complication arises ill very sick patients who are not responding to miedication, and in whom one is tempted to push the drug in a last hope of improving the circulation. In these patients with complete heart block the ventricular rate is apt to be more rapid than in other patients with complete heart block and syncope is extremely rare. The block will disappear when the drug is discontinued provided the patient survives. This group differs from some of the other groups in that bundle branch block is less common and a past history of diphtheria is very rare (1 out of 27).
TREATMENT
Before embarking on the therapy for coinplete heart block, one naturally would prefer to have the diagnosis well established. Actual recoglition of complete heart block, if it persists, is a fairly simple matter. A more difficult problem is presented wshen patients have fainttiiig spells of short duration, but when seen by the physician, show little or no evidence of conduction defect. They may then be readily confused with, or actually misdiagnosed as, cases of hysteria, major or minor epilepsy, or other disease entities. Occasionally no satisfactory diagnosis can be made until the case is careftully observed during an actual spell.
Treatment of complete heart block consists of two parts. The first and generally the most urgent is the treatment, immediate or preventivre, of the syncopal attacks. The second is the treatment or the management of the more static slow heart rate that generally accompanies this condition. When syncopal attacks come rarely, i.e., at intervals of many months or years, it is obviously difficult to outline a program of therapy to prevent recurrences. One will have to administer a specific medication or other mode of therapy daily and constantly for a very long time before one can be convinced that attacks are being prevented. However, if the attacks recur frequently, every few minutes, hours, or days, one can quickly determine whether or not any given procedure is effective. One can readily see, therefore, that under certain circumstances heroic measures might be needed when syncopal seizures appear to be imminent and critical, while at other times no constant therapy might be indicated.
A further therapeutic consideration is the set of circumstances under which heart block with or without periods of asystole may arise. The therapy of a case of Adams-Stokes(disease occurring acutely in the midst of an attack of acute imyocardial infarction with ac.omipaniyinig prolonged shock may demand one method of treatment while similar asystole coming as an isolated evenit inl a patient with well compensated hypertensiv e heart disease, or wdith no other important cardiac disability, might demand an entirely different therapeutic approach.
Before undertaking the type of therapy for an attack of syncope, it would be very helpful if we could establish the exact physiologic nature of the episode. As has been discussed before, inl general, there are two possible mechaisins involved: (1) a sudden ventricular arrest not preceded by any ventricular irritability and (2) a condition in which the initial events are ventricular extrasystoles or yentricular tachycardia ending in ventricular flutter or fibrillation. Electric inactivity with the arrest of the heart in cases showing the latter disturbance may take place after a few premature beats or after a more lengthy interval of ventricular irritability and acceleration. It is generally impossible to distinguish one type from the other because electrocardiograms are rarely available the moment these sudden events o(cur. However, one may suspect that venitr icular acceleration precipitates attacks if it is possible to obtain evidence that ventricular extrasystoles or tachycardia have been occurring during the intervals between major episodes. Likewise, the detection of short pauses without ventricular acceleration at different times would favor the first of the two mechanisms as a cause.
Therap1y for the Ac cute Attack. Sympathominmetic amines have been regarded as having the most potent effect on the rhythmic function of the heart. 14 In complete heart block our attentiomi is focused on the fundamental properties of the heart, particularly those of rhythm and conduction. Sympathomimetic amimies such as epinephrine, n-isopropyl-norepinephrine (Isuprel), and ephedrine appear to have the effect of stimulating the rhythmic function of the heart. Other sympathomimetic amines such as Neosynephrine, norepinephrine, methoxamine (Vasoxyl), and Wyamine have little or no effect on increasing the rhythmic function of the human heart and, therefore, serve little or no purpose in increasing the heart rate in complete heart block.
For the acute attack of asystole when heroic measures are indicated, epinephrine 0.3 ml. to 0.5 ml. of 1:1000 aqueous solution should be administered by intracardiac injection if the circulation has ceased; this is imperative as standstill affords no means of transportation of the medication to the coronary arteries and thence to the rhythmic foci of the heart itself. If the peripheral circulation is effective, then the epinephrine can be administered parenterally. This may be repeated at frequent intervals as the apparent duration of the accelerating effect is about 8 to 15 minutes. Constant intravenous drip may also be effectively employed. Subcutaneous doses of 0.5 ml. of 1:1000 aqueous solution or 0.5 to 1.0 ml. of 1: 500 epinephrine in oil solution intramuscularly are also effective. The time interval of administration is dependent upon the degree of responsiveness; one patient may require an injection every two hours while another patient may require an injection every hour.
More recently isoproterenol (isopropylnorepinephrine, Isuprel) has been introduced and found to be effective in increasing the rhythmic function of the heart.'5' 16 This may be administered in doses of 0.02 mg. intravenously or by intracardiac injection. It may be repeated every 10 to 15 minutes. The subcutaneous dose is 0.2 mg. every 40 to 60 minutes. A constant intravenous infusion at the rate of 2 to 6,ig./min. has been administered.
Constant attention must be given to the cardiac mechanism as the infusion should be titered to the desired heart rate and should be discontinued if the patient unblocks and the normally conducted impulse is initiated.
On recent theoretic grounds it is possible that adrenal steroids may be of value in heart block. The rationale for such therapy is based on the following observations.19 In a group of 50 patients with Addison's disease the mean P-R interval measured 0.18 second, and 20 per cent exhibited heart block during some phase of their disease. In a group of 34 patients with Cushing's syndrome, the mean P-R interval duration was 0.14 second and A-V conduction was consistently shortened when the underlying disease was adrenal hyperplasia. The abbreviation of the P-R interval appeared to correlate with the urinary 17-ketosteroid excretion. Administration of cortisone to patients with Addison's disease and resection of the hyperplastic adrenal gland in patients with Cushing's syndrome respectively shortened and lengthened the P-R interval. When cortisone is given to patients without endocrine disorders, there is likewise a decrease in this interval. It may be that adrenal steroids participate inl facilitating A-V conduction.
In the acute attack, irritation of the heart with a direct needle prick may stimulate systole. The external pacemaker may also serve a useful purpose17 and direct massage of the heart can be a lifesaving procedure. Recently, sodium lactate intravenously has been suggested as useful in therapy. '8 In patients having Adams-Stokes attacks associated with acute myocardial infarction, the shock state is an added threat. The practical importance of maintaining a pacemaker as well as the peripheral circulation is obvious. Theoretic considerations and data accumulated thus far would lend support to the belief that the cardiogenic factor rather than the peripheral vascular factor is the important feature of preventing the shock state. Intravenous isoproterenol not only increases the rhythmic function but also increases the peripheral systolic and diastolic blood pressures, if shock has been previously present.
If the acute attack is identified as ventricular acceleration it would seem that certain cardiac depressants might be preferred, but the effects are not altogether clear. It is a common experience that in patients who have ventricular tachycardia or ventricular fibrillation but do not have complete heart block, procaine amide and quinidine can be beneficial and epinephrine harmful. But the situation is not so simple when the patient has complete heart block. Here the same sequence of events does not prevail as when complete heart block is not present, and it would seem that procaine amide, quinidine, and possibly potassium should not be used.'0' 20 If the acute attacks occur and one is unable to identify their mechanism, the recommended course to be followed is one in which asystole is assumed to be the underlying cause.
Theraply for Precvention of Subsequent Attacks. Thyroid gland has been recommended for complete heart block, but its value is uncertain.
Ammonoiuiii chloride by its acidifying effect may theoretically be beneficial. In 1 patient who had syncopal attacks in which the heart would stop regularly on holding a deep inspiration, the (condition wlas immediately controlled on large doses of ammonium chloride. This patient also had occasional spontaneous attacks that did not appear to be related to respiration. In this series, one patient received 20 mg. of corticotrophin over a 12 hour period intravenously and the heart rate decreased, the patient appeared critical, pale, moist, and weak. More complete evaluation of the role and effect of adrenal steroids is necessary. We believe strychnine, iMetrazol, picrotoxin, Coramine, and caffeine are of little or no value in the treatment of Adams-Stokes disease. (If complete heart block is a result of quinidine therapy, however, caffeine, oxygen, and artificial respiration would be indicated.)
An attempt was made to evaluate the role of cardiac depressants such as quinidine, Pronestyl (procaine amide), and potassium in ventricular acceleration ventricular tachycardia, ventricular flutter, ventricular fibrillation. It has been thought that these compounds might be of value in Adams-Stokes attacks when these abnormal ventricular rhythms are present. These drugs suppress the rhythmic function of the heart but prolong conduction and suppress myocardial contractilityv. Paradoxically, the administration of procaine amide and quinidine may actually result in the production of ventricular accelerated rhythms when given to patients with complete heart block. Although it is not simple and (lear-cut, these drugs should probably not be employed at any time if complete heart block is present.
In those patients who have complete heart block and iil whom congestive heart failure remain. In this present review we have included all cases that had complete atrioventricular dissociation with an independent ventricular rate slower than the atrial whether the atria were contracting or fibrillating, and also whether or not there had been syncopal attacks.
It is evident that complete heart block occurs in a great variety of conditions; in the young and in the old, with valvular or nonvalvular disease, with or without hypertension, in a transient or permanent form, as a direct result of excessive digitalis administration, or as a consequence of a great variety of etiologic causes. The most common cause is coronary artery disease with resultant myocardial fibrosis. There is reason to believe that some otherwise benign infections, from which patients apparently make a complete recovery, can be responsible for the development of heart block many years later in some instances. In such cases a transient myocarditis may have involved the conduction apparatus, only to manifest its dire consequences many years later. Among these early infections diphtheria formerly was a prominent one. Many other simple infections such as measles, mumps, scrub typhus, undulant fever, infectious mononucleosis, poliomyelitis, and others may also be in this category. It is difficult to have pathologic proof of this because these patients obviously recover from the early infection. Indirect evidence to support this view would be afforded if some of these rare cases of transient conduction defects occurring in benign infections were followed and years later found to have heart block. We know of no such fortuitous recorded cases. An example of a welldocumented fatal form of myocarditis of undetermined origin that did manifest complete heart block with syncopal attacks has been published.2' If such a case had recovered and eventually developed Adams-Stokes attacks, this would have been proof of the above concept.
The clinical picture presented by patients with complete heart block also varies greatly from case to case. There are instances where syncope never occurs and the patient feels fit and able to carry on normal or even strenuous activities. In others, syncopal attacks may be frequents occasionally presenting the picture of status epilepticus. It is obvious that heroic therapeutic measures might be necessary under the latter circumstances, whereas with the former no medication whatever would be needed for years at a time.
The actual cause for ventricular arrest or acceleration remains a mystery. The structural disease that is present in these patients is for the most part unalterable, except in acute cases such as those with acute myocardial infarction. The accompanying heart disease is the same before, during, and after the actual synicope. What, therefore, could be the trigger mechanism that produces the asystole and what is the mechanism that restores the heart beat? The two factors that can act instantaneously are neurogenic or changes in the caliber of vessels, or both. A nerve reflex may suddenly prevent or augment the formation of impulses. A In 176 cases the block was permanent, in 29 it was transient, and in 19 there were repeated bouts of transient complete block. Single episodes were most common in the group of acute myocardial infarction.
The longest duration of heart block proved by electrocardiogram was 21 years, although one patient was known, on clinical examination, to have had a block for 47 years. The average duration of life after the first syncopal attack, including those who died within a few days of acute myocardial infarction, was 35.2 months, and after the first appearance of complete heart block it was 26.2 months.
As to etiologic causes, statistical evidence was presented to support the view that early diphtheria was related in some cases to latent heart block. Syphilis was a cause in only two instances. There was reason to believe that minor infections early in life might well have been the cause in some cases. In the majority of instances, disease of the coronary arteries was the main cause.
Gallbladder disease. generally with stones, was a frequent finding, and cholecystectomy appeared to alter the condition favorably. Nineteen patients underwent 24 major surgical operations without any operative mortality.
One hundred twenty-seven of these cases were known to have died. The mode of death was known in 89 instances. Sudden death occurred in 39 instances and was about three times as common in those who had had syncope than in those who had not.
Of particular interest was the group who had complete heart block during acute myocardial infarction. The immediate mortality was high, 21 of 49 cases. In all those who survived, the rhythm returned to the one which prevailed before the myocardial infarction. Another peculiarity was the ventricular rate in this group; often it was more rapid than is customarily seen in complete block.
The hypertensive group was large (62 cases). Hypertension was also present in many of the cases classified in the other groups, particularly those with coronary artery disease. However, an elevated blood pressure was by no means a necessary accompaniment of complete heart block.
There were only 21 cases of rheumatic heart disease; 12 had mitral valve disease, 4 had aortic valve disease, and 5 had both. It is clear that complete heart block is an uncommon complication of rheumatic valvular disease.
There were 18 cases with "etiology undetermined." In these, some otherwise innocent infection early in life might have been the cause. In general, patients in this classification had a better prognosis.
There were 16 cases that made up the miscellaneous group. In these cases sensitive carotid sinus, syphilitic infection, and other interesting and peculiar factors such as an infected foot, calcium deposits in the heart associated with uremia, and congenital heart disease, formed the background for the heart block.
Digitalis intoxication was a direct cause of complete heart block in 27 instances. Here the condition was transient or terminal. Syncope did not occur in this group, and the ventricular rate was somewhat higher than in the other cases.
Various methods of treatment both for the acute episode and for the prevention of recurrences were analyzed. Therapeutic agents which increase the rhythmic property of the heart, such as epinephrine, isoproterenol, ephedrine, and a mechanical cardiac pacemaker were found to be useful. SUMMARIO 
